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,QWURGXFWLRQ
7KHOLIHF\FOHFRVWVIRUURDGEDUULHUVDUHVHOGRPFRQVLGHUHGGXULQJWKHLQLWLDOVHOHFWLRQRIEDUULHUW\SHV
GXH WR OLPLWHG LQIRUPDWLRQ UHJDUGLQJ PDLQWHQDQFH DQG VRFLRHFRQRPLF FRVWV .DULP  .DULP DQG
0DJQXVVRQ&RVWVIRULQMXULHVDVVRFLDWHGZLWKURDGEDUULHUFROOLVLRQVDUHDFRQVLGHUDEOHSDUWRIWKH
VRFLRHFRQRPLFFRVWV7RHVWLPDWHVXFKFRVWVIRUDSDUWLFXODUEDUULHU W\SHLW LVQHFHVVDU\WRTXDQWLI\WKH
VSHFLILFULVNVRIFROOLVLRQDQGLQMXULHVDVVRFLDWHGZLWKWKDWEDUULHU.DULPHWDO8QIRUWXQDWHO\LWLV
RIWHQ GLIILFXOW WR SUHFLVHO\ TXDQWLI\ WKH LQMXU\ ULVNV DVVRFLDWHG ZLWK URDG EDUULHU FROOLVLRQV EHFDXVH
LQIRUPDWLRQUHJDUGLQJFROOLVLRQVWUDIILFFRQGLWLRQDQGURDGEDUULHUW\SHVLVRIWHQXQDYDLODEOH
7KHREMHFWLYHRI WKLVVWXG\ZDV WRTXDQWLI\DQGFRPSDUH WKHUDWHRI LQMXU\DVVRFLDWHGZLWKFROOLVLRQV
ZLWKGLIIHUHQWEDUULHU W\SHV7KLVVWXG\ LVXQLTXH LQ WKDWEDUULHUSHUIRUPDQFHHYDOXDWLRQVZHUHEDVHGRQ
DFWXDOFROOLVLRQGDWDSRVWLPSDFWFROOLVLRQGDWDDQGDQLQMXU\FODVVLILFDWLRQPDGHE\6ZHGLVKKHDOWKFDUH
VHUYLFHV,WVKRZVKRZURDGEDUULHUVDFWXDOO\SHUIRUP
6LQFH WKH VWXG\ LV EDVHGRQ6ZHGLVKGDWD WKH FRQFOXVLRQV FDQEH DSSOLHG WRRWKHU1RUGLF FRXQWULHV
ZKHUHWKHURDGGHVLJQLVVLPLODU+RZHYHUWKHVWXG\¶VPHWKRGRORJ\FDQEHDSSOLHGWRVLPLODUVWXGLHV7KH
UHVXOWV ZLOO EH XVHG LQ DQ RQJRLQJ UHVHDUFK SURMHFW WR HVWLPDWH DFFLGHQW FRVWV DV D SDUW RI WKH VRFLR
HFRQRPLFFRVWVLQDPRGHOIRUFDOFXODWLQJOLIHF\FOHFRVWVIRUURDGEDUULHUV
/LWHUDWXUHUHYLHZ
5RDG EDUULHUV DUH XVHG WR SUHYHQW YHKLFOHV IURP YHHULQJ RII WKH URDGZD\ LQWR RQFRPLQJ WUDIILF
FUDVKLQJ LQWR VROLG URDGVLGH REMHFWV RU IDOOLQJ LQWR UDYLQHV 5RDG EDUULHUV DUH DOVR XVHG WR SURWHFW
SHGHVWULDQV DQG F\FOLVWV IURP WUDIILF DQG WR SURWHFW URDGVLGH REVWDFOHV 5RDG EDUULHUV DUH XVXDOO\
FDWHJRUL]HG DV IOH[LEOH VHPLULJLG RU ULJLG GHSHQGLQJ RQ WKHLU GHIOHFWLRQ FKDUDFWHULVWLFV RQ LPSDFW
$$6+72
,Q JHQHUDO WKH XVH RI URDG EDUULHUV LV D YHU\ HIIHFWLYH ZD\ WR UHGXFH URDG LQMXULHV DQG IDWDOLWLHV
,QVWDOODWLRQRIPHGLDQFDEOHEDUULHUVRQPZLGHURDGVUHGXFHGWKHQXPEHURIIDWDOFUDVKHVE\DOPRVW
 LQ 6ZHGHQ GXULQJ WKH SHULRG  ±  &DUOVVRQ  )DWDO DQG GLVDEOLQJ FURVVPHGLDQ
FROOLVLRQVRQKLJKZD\V LQ:DVKLQJWRQ6WDWHZHUHUHGXFHGE\RQKLJKZD\VE\XVLQJPHGLDQFDEOH
EDUULHUV5D\HWDO$QRWKHUVWXG\VKRZHGWKDWWKHQXPEHURIIDWDOFROOLVLRQVUHSRUWHGE\SROLFHRQ
)UHQFKKLJKZD\VZLWKURDGVLGHEDUULHUVZDVOHVVWKDQRQURDGVZLWKRXWEDUULHUV0DUWLQHWDO
'HVSLWH WKH HIIHFWLYHQHVV RI UHGXFLQJ LQMXULHV URDG EDUULHUV WKHPVHOYHV PD\ FDXVH VHYHUH RU IDWDO
LQMXULHV E\ LQIOLFWLQJ VHYHUH LPSDFW IRUFHV RQ YHKLFOH RFFXSDQWV GXULQJ D FUDVK 5RDG DQG 7UDIILF
$XWKRULW\,QVXUDQFH,QVWLWXWH IRU+LJKZD\6DIHW\6WLJVRQ7KHVHYHULW\RIDQLPSDFW
LQWRDURDGEDUULHUGHSHQGVRQWKHEDUULHU¶VIOH[LELOLW\LPSDFWDQJOHDQGLPSDFWVSHHG)OH[LEOHV\VWHPV
VXFKDVFDEOHEDUULHUVJHQHUDOO\LPSRVHORZHULPSDFWIRUFHVXSRQYHKLFOHVWKDQRWKHUV\VWHPVVLQFHPRUH
RIWKHLPSDFWHQHUJ\LVGLVVLSDWHGE\GHIOHFWLRQRIWKHEDUULHU$$6+72%HFDXVHWKHLPSDFWHYHQW
RFFXUVRYHUDODUJHODWHUDOGLVWDQFHWKHWLPHRIWKHLPSXOVHHYHQWLVH[WHQGHG:LWKIOH[LEOHEDUULHUVWKH
ULVN RI SRVWLPSDFW FROOLVLRQV KDV WR EH FRQVLGHUHG 7KRPVRQ  VKRZHG WKDW  RI WKH FDVHV
LQYROYLQJ LPSDFWV ZLWK IOH[LEOH EDUULHUV UHVXOWHG LQ VHYHUH VHFRQGDU\ FROOLVLRQV LH 3RVWLPSDFW
FROOLVLRQV
,PSDFW VSHHG LV DQRWKHU IDFWRU DIIHFWLQJ LPSDFW VHYHULW\ $FFRUGLQJ WR 6LQJHOWRQ HW DO  WKH
LQMXU\ULVNLVSURSRUWLRQDOWRLPSDFWVSHHG,WKDVEHHQVKRZQWKDWDKLJKHUSRVWHGVSHHGLVDVVRFLDWHGZLWK
KLJKHUFUDVKVHYHULW\<GHQLXV
7KHVHYHULW\RIDEDUULHU LPSDFWDOVRGHSHQGVRQ WKH LPSDFWDQJHO%DVHGRQ IXOOVFDOHEDUULHUFUDVK
WHVWVDVWXG\VKRZHGWKDWWKHLPSDFWVHYHULW\LQFUHDVHGZKHQWKHLPSDFWDQJHOLQFUHDVHGIURPWR
<GHQLXV7KHPRVWVLJQLILFDQWLQFUHDVHLQLQMXU\ULVNRFFXUUHGZLWKFRQFUHWHEDUULHUV%DVHGRQWKLV
UHVXOW IOH[LEOH RU VHPLULJLG EDUULHU V\VWHPV VKRZHG SRWHQWLDO IRU UHGXFLQJ LQMXU\ VHYHULW\ ,W LV ZRUWK
QRWLQJWKDW<GHQLXVGLGQRWFRQVLGHUWKHULVNIRUVHYHUHLQMXULHVGXHWRVHFRQGDU\FROOLVLRQV%U\GHQDQG
)RUWXQLHZLF]VKRZHGWKDWRIEDUULHUFROOLVLRQVUHVXOWHGLQVHFRQGDU\FROOLVLRQVFDXVLQJVHYHUH
54   Hawzheen Karim et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  52 – 63 
LQMXULHV ,WKDVDOVREHHQUHSRUWHG WKDWRIDOO URDGPHGLDQEDUULHUFROOLVLRQV LQYROYHPRUH WKDQRQH
FROOLVLRQDQGWKDWVHYHULW\LQFUHDVHVZLWKWKHQXPEHURIFROOLVLRQV0DNHWDO6HFRQGDU\FROOLVLRQV
KDYHEHHQUHSRUWHGDVWKHFDXVHRIPRUHVHYHUHLQMXULHVWKDQWKHLQLWLDOLPSDFWZLWKURDGEDUULHUV5D\HW
DO5D\HWDO
)XUWKHUPRUHFKRRVLQJDLPSDFWDQJOHE\<GHQLXVDVDQLQLWLDOEDUULHULPSDFWDQJOHLQEDUULHUFUDVK
WHVWVLVWRVRPHH[WHQWXQUHDOLVWLF$UHFRQVWUXFWLRQRIDFFLGHQWVRQ(XURSHDQURDGVVKRZHGWKDW
RIWKHFDVHVKDGDQH[LWDQJOHLHDQJOHEHWZHHQWKHEDUULHUDQGWKHWUDYHOOLQHRIWKHYHKLFOHDIWHUWKH
FROOLVLRQEHORZ7KRPVRQHWDO2QDVWUDLJKWURDGZLWKDEDUULHUSDUDOOHOWRWKHHGJHOLQHWKH
H[LWDQJOHDQGWKHLPSDFWDQJOHDUHDOPRVWHTXDO$IDFWRUDIIHFWLQJWKHLPSDFWDQJOHLVWKHODWHUDOGLVWDQFH
EHWZHHQWKHEDUULHUDQGWKHHGJHOLQHRIWKHFDUULDJHZD\7KHSRVVLEOHLPSDFWDQJOHLQFUHDVHVLIDORQJHU
ODWHUDOGLVWDQFHLVDYDLODEOHIRUWKHYHKLFOHWRWUDYHO7KRPVRQHWDO
7KHODWHUDOGLVWDQFHEHWZHHQWKHURDGEDUULHUDQGHGJHOLQHRIWKHFDUULDJHZD\DOVRDIIHFWVWKHULVNRI
SRVWLPSDFW RYHUULGHV DQG XQGHUULGHV ZKLFK LQ WXUQ DIIHFWV EDUULHU FROOLVLRQ VHYHULW\ 0DU]RXJXL DQG
0F*LQQLV
0HWKRGDQGPDWHULDO
(YDOXDWLRQRIEDUULHUSHUIRUPDQFHEDVHGVROHO\RQFXUUHQWFUDVKWHVWPHWKRGV(XURSHDQ&RPPLWWHHIRU
6WDQGDUGL]DWLRQ  GRHV QRW JLYH DQ DFFXUDWH UHVXOW 7KRPVRQ 7KRPVRQ  KLJKOLJKWHG D
FRQVHUYDWLYHDSSURDFKWRWKHGHVLJQDQGWHVWHYDOXDWLRQRIURDGEDUULHUV+HVWDWHGWKDWLPSDFWFRQGLWLRQV
UHGLUHFWLRQ FULWHULD DQG RFFXSDQW UHVSRQVH SDUDPHWHUV LQ FXUUHQW FUDVK WHVWV DUH VSHFLILHG IRU UDWKHU
XQOLNHO\FUDVKHYHQWV+HSRLQWHGRXWLJQRUDQFHRIWKHHIIHFWVRIVHFRQGDU\FROOLVLRQVFKRLFHRIWRRVPDOO
LPSDFWDQJHOVDQGFRQIOLFWVEHWZHHQDSSURDFKHVSUHGLFWLQJRFFXSDQWLQMXU\ULVNVLQFUDVKWHVWVDQGDFWXDO
EDUULHUSHUIRUPDQFH7KHUHIRUHWKHDQDO\VHVLQWKLVVWXG\ZHUHEDVHGRQGRFXPHQWHGGDWDDVVRFLDWHGZLWK
DFWXDO URDG EDUULHU FROOLVLRQV IRU WKH SHULRG   LQ 6ZHGHQ 7KHUH ZHUH VHYHUDO UHDVRQV IRU
FKRRVLQJWKDWVSHFLILFSHULRG2QHUHDVRQZDVWKDWEHIRUHWKHUHZHUHRQO\DOLPLWHGQXPEHURIFDEOH
EDUULHUV LQ 6ZHGHQ$QRWKHU UHDVRQZDV WR DYRLG ERWK WKH LPSDFW RI URDG UHFRQVWUXFWLRQVPDGH EHIRUH
DQGVHYHUDOFKDQJHVLQSRVWHGVSHHGOLPLWVLPSOHPHQWHGRQWKHVWXGLHGURDGVDIWHU
7KH EHVW ZD\ WR FRPSDUH URDG EDUULHU SHUIRUPDQFH LV WR XVH GRFXPHQWHG EDUULHU FROOLVLRQ GDWD WR
FDOFXODWH FROOLVLRQ UDWHV DV GHVFULEHG LQ 1&+53 5HSRUW  5D\ HW DO  &ROOLVLRQ UDWHV DUH
FDOFXODWHGE\GHWHUPLQLQJWKHQXPEHURIFROOLVLRQVLQDSDUWLFXODUFDWHJRU\DQGGLYLGLQJLWE\WKHWUDIILF
ZRUN LH YHKLFOH NLORPHWUHV WUDYHOOHG DORQJ WKDW URDG VHJPHQW ,Q WKHSUHVHQW VWXG\ WKH DQDO\VLVZDV
EDVHGRQWKHLQMXU\UDWHVFDOFXODWHGE\GLYLGLQJWKHQXPEHURILQMXULHVLQDVSHFLILFLQMXU\FDWHJRU\E\WKH
WUDIILFZRUNGXULQJDIRXU\HDUSHULRGIRUWKHURDGVHJPHQWHTXLSSHGZLWKDVSHFLILFEDUULHUW\SHXVLQJWKH
IROORZLQJHTXDWLRQV
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,QYHQWRU\RIURDGEDUULHUOHQJWKVDQGDQQXDODYHUDJHGDLO\WUDIILF
7KHURDGVHJPHQWVVWXGLHGLQFOXGHGNPRIURDG(ORFDWHGEHWZHHQ+HOVLQJERUJDQG.QLYVWDDQG
NPRIURDG(ORFDWHEHWZHHQ5DEEDOVKHGHDQG9HOOLQJH$WWKHEHJLQQLQJRIWKHSURMHFWUHFRUGVRI
WKH OHQJWKVRIPHGLDQEDUULHUVZHUH OLPLWHGDQGUHFRUGVIRU URDGVLGHEDUULHUVZHUHXQDYDLODEOH)RU WKLV
UHDVRQWKHOHQJWKVRIEDUULHUVDORQJWKHVWXGLHGURDGVZHUHPHDVXUHGRQVLWH$YHKLFOHPRXQWHGGLJLWDO
GLVWDQFHPHWHU&RUDOED7ULSPHWHUZDVXVHG WRPHDVXUHEDUULHU OHQJWK7KHUHVXOWVZHUHUHJLVWHUHG LQ
06H[FHOWRIDFLOLWDWHFRPELQDWLRQVZLWKRWKHUSDUDPHWHUVVXFKDVSRVWHGVSHHGOLPLWDQG$$'7RQWKH
VWXGLHGURDGVIRUIXUWKHUDQDO\VHV7DEOH
,QIRUPDWLRQUHJDUGLQJ$$'7ZDVREWDLQHGIURPDZHEEDVHGGDWDEDVHFDOOHG$$'70DSFRQWDLQLQJ
LQIRUPDWLRQ DERXW 6ZHGLVK URDGV ,Q WKLV DSSOLFDWLRQ WKH 6ZHGLVK URDG QHWZRUN LV FDWHJRUL]HG LQWR
KRPRJHQHRXV VHFWLRQV )RU HDFK VHFWLRQ WKH WUDIILF YROXPH LV PHDVXUHG UHJXODUO\ XVLQJ WHPSRUDU\ RU
SHUPDQHQWWUDIILFPHDVXULQJVWDWLRQV$$'7DORQJWKHKLJKZD\VLQ6ZHGHQLVPHDVXUHGHYHU\IRXUWK\HDU
DQGSUHVHQWHGRQGLJLWDOPDSVRU WDEOHV7RFDOFXODWH$$'7IRU WKHEDUULHUVDQG\HDUV LQFOXGHG LQ WKLV
VWXG\DDQQXDOWUDIILFLQFUHDVHIDFWRUZDVXVHG

7DEOH%DUULHUOHQJWKVDQGSRVWHGVSHHGOLPLWVDORQJWKHVWXGLHGURDGVVHJPHQWV
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,QYHQWRU\RIURDGEDUULHUFROOLVLRQV
,QMXULHVGXHWRFROOLVLRQVZLWKIRXUEDUULHUW\SHVZHUHVWXGLHGFRQFUHWHEDUULHUVZEHDPEDUULHUVSLSH
EDUULHUVDQGFDEOHEDUULHUV&ROOLVLRQVZLWKDFRPELQDWLRQRIWKHVHEDUULHUW\SHVZHUHH[FOXGHGDVLWZDV
KDUGWRFRQFOXGHZKLFKEDUULHUW\SHFRQWULEXWHGWRWKHLQMXULHV&ROOLVLRQVZLWKXQFRPPRQEDUULHUW\SHV
ZHUHDOVRH[FOXGHG,QMXULHVGXHWRSRVWLPSDFWHYHQWVHJSRVWLPSDFWFROOLVLRQVZLWKEDUULHUVRURWKHU
YHKLFOHVZHUHLQFOXGHGLQWKHDQDO\VHV&ROOLVLRQGDWDRQWKHVWXGLHGURDGVZDVREWDLQHGIURPWKH6ZHGLVK
7UDIILF $FFLGHQW 'DWD $FTXLVLWLRQ 675$'$ ZKLFK LV D FRRUGLQDWHG QDWLRQDO UHJLVWUDWLRQ RI WUDIILF
DFFLGHQWV DQG WUDIILF LQMXULHV UXQ E\ WKH SROLFH DQG WKH KHDOWK FDUH DXWKRULWLHV 7KH SROLFH DQG WKH
KHDOWKFDUH VHUYLFHV LQYROYHGFROOHFWGDWD UHJDUGLQJ WKHDFFLGHQWDQG LQMXUHGSHUVRQVDW WKHDFFLGHQW VLWH
DQGLQWKHHPHUJHQF\URRPXVLQJGLIIHUHQWTXHVWLRQQDLUHV7KHGDWDFROOHFWHGE\WKHSROLFHLQFOXGHVKRZ
ZKHQDQGZKHUH WKHDFFLGHQW WRRNSODFH WUDIILFHQYLURQPHQWSRVWHG VSHHG OLPLW FLUFXPVWDQFHVRI WKH
DFFLGHQW OLJKWDQG URDGVXUIDFHFRQGLWLRQVSDVVLYH VDIHW\ V\VWHPVXVHGDQG IDFWV UHJDUGLQJ WKH LQMXUHG
SHUVRQV$MXGJPHQWRILQMXU\VHYHULW\LVDOVRPDGHE\WKHSROLFHRQVLWH7KHSROLFHFODVVLI\WKHLQMXULHV
DVVRFLDWHG ZLWK WUDIILF DFFLGHQWV LQWR IRXU FDWHJRULHV )DWDO VHYHUH PLOG DQG QR LQMXULHV LH RQO\
SURSHUW\GDPDJH$WKHDOWKFDUHIDFLOLWLHVVXSSOHPHQWDU\GDWDVXFKDVGLDJQRVLVFODVVLILHGDFFRUGLQJWR
,QMXU\6HYHULW\6FRUH&RGHV,66DQGFDUHDUHFROOHFWHG,66LVDQDQDWRPLFDOVFRULQJV\VWHPSURYLGLQJ
DQRYHUDOOVFRUHIRUSDWLHQWVZLWKPXOWLSOHLQMXULHV(DFKLQMXU\LVDVVLJQHGDQ$EEUHYLDWHG,QMXU\6FDOH
$,6VFRUHDOORFDWHGWRRQHRIVL[ERG\UHJLRQVKHDGIDFHFKHVWDEGRPHQH[WUHPLWLHVDQGH[WHUQDO
2QO\ WKHKLJKHVW$,6 VFRUH LQHDFKERG\ UHJLRQ LVXVHG7KH WKUHHPRVW VHYHUHO\ LQMXUHGERG\ UHJLRQV
KDYHWKHLUVFRUHVTXDUHGDQGDGGHGWRJHWKHUWRSURGXFHWKH,66VFRUH+HDOWKFDUHVHUYLFHVFODVVLI\LQMXULHV
DVVRFLDWHGZLWKWUDIILFDFFLGHQWVLQILYH,66LQWHUYDOVXQKXUWPLOGLQMXU\PRGHUDWHLQMXU\
 VHYHUH LQMXU\ DQG  YHU\ VHYHUH RU IDWDO LQMXU\ ,Q WKLV VWXG\ HDFK FROOLVLRQ ZDV FDUHIXOO\
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HYDOXDWHG WR FROOHFW WKH IROORZLQJ LQIRUPDWLRQ IURP 675$'$ ORFDWLRQ RI WKH FROOLVLRQ SRVWHG VSHHG
OLPLWZKHUHWKHFROOLVLRQRFFXUUHGQXPEHURISHUVRQVLQYROYHGLQMXU\W\SHEDUULHUW\SHEDUULHUORFDWLRQ
PHGLDQEDUULHURUURDGVLGHEDUULHUFDXVHRIWKHFROOLVLRQDQGKRZWKHYHKLFOHVLQYROYHGEHKDYHGGXULQJ
DQGDIWHUWKHFROOLVLRQ
7UDIILF VDIHW\ DQDO\VHV LQ 6ZHGHQ DUH RIWHQ EDVHG RQ DFFLGHQWV UHSRUWHG E\ WKH SROLFH EHFDXVH WKH
QXPEHURI DFFLGHQWV UHSRUWHGE\KHDOWKFDUH VHUYLFHV LV OLPLWHGGXH WR OLPLWHGQXPEHURI WKHKHDOWKFDUH
VHUYLFHV FRQQHFWHG WR 675$'$ ,W LV ZHOONQRZQ WKDW LQMXU\ FODVVLILFDWLRQV PDGH E\ SROLFH DUH OHVV
DFFXUDWHWKDQFODVVLILFDWLRQVPDGHE\WKHKHDOWKFDUHVHUYLFHVDVWKHSROLFHKDYHQHLWKHUWKHTXDOLILFDWLRQV
QRUWKHUHTXLUHGWRROVWRPDNHGLDJQRVHVRQVLWH7KHPLVVFODVVLILFDWLRQRILQMXULHVE\WKHSROLFHGHSHQGV
RQWKHUHSRUWLQJSROLFHIRUFHLQMXU\VHYHULW\YLFWLP¶VDJHDQGW\SHRIURDGXVHU$PRURVHWDO7R
PLQLPL]H WKH SRVVLEOH HIIHFW RI WKLVPLVVFODVVLILFDWLRQ RQ WKLV VWXG\ WKH LQMXU\ FODVVLILFDWLRQPDGH E\
KHDOWKFDUH VHUYLFHV ZDV XVHG DV D EDVLV IRU DQDO\VHV )XUWKHUPRUH WKH QXPEHU RI LQMXULHV LQ GLIIHUHQW
FDWHJRULHVUHSRUWHGRQO\E\WKHSROLFHZDVFRQYHUWHGWRWKHQXPEHURILQMXULHVLQ,66LQWHUYDOVXVLQJWKH
SHUFHQWDJHVRIREVHUYHGGLIIHUHQFHVIRULQMXULHVUHSRUWHGE\ERWKSDUWLHV7KHQXPEHURILQMXULHVIRUHDFK
FRQYHUWHG ,66LQWHUYDO ZDV ODWHU VXPPDUL]HG ZLWK WKH QXPEHU RI LQMXULHV UHSRUWHG RQO\ E\ KHDOWKFDUH
VHUYLFHVIRUWKHVDPH,66LQWHUYDO7KLVUHVXOWZDVXVHGLQHTXDWLRQWRFDOFXODWHWKHLQMXU\UDWHIRUHDFK
,66LQWHUYDO
6WDWLVWLFDO$QDO\VHV
)RU WKH VWDWLVWLFDO DQDO\VLV D PHWKRG FDOOHG 3RLVVRQ UHJUHVVLRQ DQDO\VLV ZDV XVHG ,Q WKLV FDVH WKH
ORJDULWKPRIWKHH[SHFWHGLQMXU\UDWHIRUDVSHFLILFVHYHULW\FODVVLVDVVXPHGWRKDYHDOLQHDUUHJUHVVLRQRQ
EDUULHUW\SHDQGSRVWHGVSHHGOLPLWZKHUHEDUULHUW\SHDQGVSHHGOLPLWDUHTXDQWLILHGE\VHWVRIGXPP\
YDULDEOHVDQGWKHORJDULWKPRIYHKLFOHPLOHDJHLVDQRIIVHWYDULDEOHLHWKHUHJUHVVLRQFRHIILFLHQWLVIL[HG
DWRQH7KHOLQHDUUHJUHVVLRQHTXDWLRQLVH[SUHVVHGDVIROORZ
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KUNP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
ZKHUH
,   GXPP\ YDULDEOHV ZLWK YDOXH  LI WKH FRQGLWLRQ LH EDUULHU W\SH RU VSHHG OLPLW DFFRUGLQJ WR
VXEVFULSWLVIXOILOOHGDQG]HURRWKHUZLVH
$%DQG& UHJUHVVLRQFRHIILFLHQWVHVWLPDWHGE\VWDQGDUGPHWKRGV0F&XOODJKDQG1HOGHU

7KH VSHHG OLPLW FDQEH FRQVLGHUHG DV D SUR[\ IRU WKH FLUFXPVWDQFHV WKDW GHWHUPLQH WKHJHQHUDO URDG
VDIHW\VWDQGDUGHJWUDIILFYROXPHURDGDOLJQPHQWHWF7KDWLVWKHUHDVRQIRULQFOXGLQJVSHHGOLPLWLQWKH
HTXDWLRQ RWKHUZLVH WKH LQMXU\ UDWLRV IRU WKH GLIIHUHQW EDUULHU W\SHVPLJKW FRQWUDGLFW WKH FLUFXPVWDQFHV
GHWHUPLQLQJWKHVSHHGOLPLW
7KHDVVXPSWLRQWKDWWKHQXPEHURILQMXULHVKDVD3RLVVRQGLVWULEXWLRQPLJKWQRWEHIXOO\YDOLG6HYHUDO
LQMXULHVPLJKWRFFXU LQ WKHVDPHDFFLGHQWDQGZLOO WKHUHIRUHQRWEHVWDWLVWLFDOO\ LQGHSHQGHQWZKLFK LVD
YLRODWLRQRIWKH3RLVVRQDVVXPSWLRQ,QWKDWFDVHWKHGDWDZLOOEHRYHUGLVSHUVHG:KHQRYHUGLVSHUVLRQV
ZHUHGHWHFWHGXVLQJ WKHGHYLDQFHDGMXVWPHQWVDFFRUGLQJ WR WKH4XDVLOLNHOLKRRGPHWKRGZHUHPDGHDV
VXJJHVWHGE\0F&XOODJKDQG1HOGHU$FFRUGLQJWRWKDWPHWKRGWKHOLNHOLKRRGUDWLRWHVWVWDWLVWLFV
LVGLYLGHGE\WKHUDWLRRIWKHGHYLDQFHDQGWKHGHJUHHVRIIUHHGRP7KHQWKHSYDOXHZLOOEHKLJKHUWKDQ
ZLWKRXW WKH DGMXVWPHQW$OVR WKH QXPEHU RI LQMXULHV IRU HDFK GDWD EHFRPHV ODUJHU UHVXOWLQJ LQ DPRUH
SRZHUIXO VWDWLVWLFDO LQIHUHQFH :KHQ WKH VWDWLVWLFDO LQIHUHQFH VKRZV GLIIHUHQW LQMXU\ UDWHV DPRQJ WKH
EDUULHUW\SHVDSRVWKRFDQDO\VLVLVGRQHZKHUHEDUULHUW\SHVDUHPHUJHGWRJHWKHULI WKH LQMXU\UDWHVDUH
QRWVLJQLILFDQWO\GLIIHUHQW7KHSURFHGXUHLVFRQWLQXHGVWHSZLVHXQWLOQRPRUHPHUJLQJLVSRVVLEOH5RDG
DFFLGHQWGDWDDUHRIWHQDQDO\]HGDFFRUGLQJWRVHYHULW\FODVVHVZKHUHDOOLQMXULHVDERYHDFHUWDLQVHYHULW\
OHYHODUHLQFOXGHGHJIDWDOLWLHVIDWDOLWLHVDQGVHULRXVLQMXULHVRUIDWDOLWLHVDQGDOOLQMXULHV,QWKLVFDVHWKH
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VHYHULW\ LV VKRZQ E\ WKH ,66OHYHO 7KHQ LW ZDV UHDVRQDEOH WR DQDO\]H GDWD LQ D VLPLODU ZD\ LH WKH
QXPEHURILQMXULHVDERYHDFHUWDLQ,66OHYHO
,Q 675$'$  EDUULHU FROOLVLRQV LQYROYLQJ  SHUVRQV ZHUH IRXQG DORQJ WKH VWXGLHG URDGV
GXULQJ WKH SHULRG  7DEOH  $PRQJ WKH FROOLVLRQV VWXGLHG  FROOLVLRQV LQYROYLQJ 
SHUVRQVZHUHUHSRUWHGERWKE\SROLFHDQGKHDOWKFDUHVHUYLFHV

7DEOH7UDIILFZRUNDQGLQMXULHVDVVRFLDWHGZLWKEDUULHUFROOLVLRQVIRUWKHSHULRG
 
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 ,QMXULHVZLWK,66  ,QMXULHVZLWK,66  ,QMXULHVZLWK,66

,QMXU\
UDWHD
&RQILGHQFH
LQWHUYDO 
,QMXU\
UDWH
&RQILGHQFH
LQWHUYDO
 ,QMXU\
UDWH
&RQILGHQFH
LQWHUYDO
%DUULHUW\SH
:EHDP        
&DEOH        
&RQFUHWH        
3LSH        
3RVWHGVSHHGOLPLWVNPKU
  ±      
        
        
  ±      
D7KHLQMXU\UDWHVDUHSUHVHQWHGLQQXPEHURILQMXULHVSHUPLOOLRQYHKLFOHNLORPHWUH
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)RU LQMXULHVZLWK,66t WKHGLIIHUHQFHV LQ LQMXU\UDWHVEHWZHHQEDUULHU W\SHVZHUHDOVRVWDWLVWLFDOO\
VLJQLILFDQW S  7DEOH  ,Q WKLV FDVH WKH JRRGQHVV RI ILW UDWLR ZDV  DQG WKHUHIRUH RYHU
GLVSHUVLRQZDVQRWDVVXPHG)RULQMXULHVZLWK,66tWKHSRVWKRFDQDO\VLVVKRZVWKDWFRQFUHWHEDUULHUV
DWFRQILGHQFHLQWHUYDOKDYHDORZHULQMXU\UDWHWKDQWKHRWKHUEDUULHUW\SHV)RULQMXULHVZLWK
,66t WKHGLIIHUHQFHV LQ LQMXU\UDWHVEHWZHHQGLIIHUHQWSRVWHGVSHHG OLPLWVZHUHDOVRVLJQLILFDQW S 
 7KH KLJKHVW LQMXU\ UDWH ZDV LQGLFDWHG RQ  NPKU URDGV )RU WKH LQMXULHV ZLWK ,66 t  WKH
VWDWLVWLFDO DQDO\VLV IRU WKH GLIIHUHQFHV LQ LQMXU\ UDWHV EHWZHHQ EDUULHU W\SHV DQG VSHHG OLPLWV ZHUH QRW
VWDWLVWLFDOO\ VLJQLILFDQW S  $ OLPLWHG QXPEHU RI EDUULHU LQMXULHV ZLWK ,66 t  FDQ EH DQ
H[SODQDWLRQ
'LVFXVVLRQ
(IIHFWRIEDUULHUW\SHV
7KHUHVXOWVVKRZWKDWWKHUDWHRILQMXULHVZLWK,66tDQG,66tZDVKLJKHUGXHWRFROOLVLRQVZLWK
FDEOHEDUULHUVWKDQZLWKRWKHUEDUULHU W\SHV7DEOH7KHVHFRQGDQGWKHWKLUGKLJKHVW LQMXU\UDWHZHUH
DVVRFLDWHGZLWK SLSH DQGZEHDP EDUULHU FROOLVLRQV UHVSHFWLYHO\ 7KH ORZHVW LQMXU\ UDWH ZDV REVHUYHG
ZLWKFRQFUHWHEDUULHUVFROOLVLRQ$VDQH[SODQDWLRQIRUWKHKLJKUDWHRILQMXULHVGXHWRFROOLVLRQZLWKSLSH
EDUULHUVLWLVZRUWKQRWLQJWKDWRIWKHSLSHEDUULHUFROOLVLRQVSUHVHQWHGLQWKLVVWXG\ZHUHFROOLVLRQV
ZLWK SLSH EDUULHUV LQVWDOOHG DORQJ KLJKZD\ EULGJHV LQ XUEDQ UHJLRQV ZLWK KLJK WUDIILF GHQVLW\ VHYHUDO
FRQQHFWLQJ URDGV DQG FRQVHTXHQWO\ D KLJKHU ULVN IRU EDUULHU FROOLVLRQV DQG SRVWLPSDFW FROOLVLRQV
)XUWKHUPRUHSLSHEDUULHUVDORQJEULGJHVDUHGLVWLQJXLVKHGE\DVWURQJFRQVWUXFWLRQGXHWRLWVVROLGSRVWV
DQGDGGLWLRQDOORQJLWXGLQDOEHDPV(YHQWKRXJKWKLVW\SHRISLSHEDUULHUFRQVWLWXWHGRQO\RIWKHWRWDO
VWXGLHGSLSHEDUULHUOHQJWKFROOLVLRQVZLWKWKHPUHVXOWHGLQRIWKHLQMXULHVUHSRUWHG,WLVDOVRNQRZQ
WKDWWKHSLSHEHDPVRIWHQGRQRWLQWHUDFWGXULQJWKHLPSDFWHYHQWGXHWRDZHDNFRQQHFWLRQEHWZHHQWKHP
7KH ORZHU SLSHEHDP RIWHQ IDOOV WR WKH JURXQG GXULQJ WKH LPSDFW /HQQDUW :DKOXQG SHUVRQDO
FRPPXQLFDWLRQ2FW7KHVHIDFWVPLJKWWRVRPHH[WHQWH[SODLQWKHKLJKLQMXU\UDWHDVVRFLDWHG
ZLWK SLSH EDUULHU FROOLVLRQV 7R ILQGPRUH H[SODQDWLRQV IRU WKH GLIIHUHQFHV LQ LQMXU\ UDWHV EHWZHHQ WKH
VWXGLHG EDUULHU W\SHV VHYHUDO SRVWLPSDFW HYHQWVZHUH VWXGLHG$V IRU DQ\ DXWRPRELOH DFFLGHQW EDUULHU
FROOLVLRQVDUHGLYLGHGLQWRWKUHHSKDVHV3UHLPSDFW LPSDFWDQGSRVWLPSDFW3RVWLPSDFWHYHQWVLQFOXGH
DOOHYHQWVWKDWFDQRFFXUGXULQJWKHSRVW LPSDFWSKDVH,WVKRXOGEHREVHUYHGWKDWRQHRUVHYHUDOHYHQWV
FDQRFFXUGXULQJWKHSRVWLPSDFWSKDVH,QWKLVVWXG\WKHIROORZLQJSRVWLPSDFWHYHQWVKDYHEHHQVWXGLHG
x 3RVWLPSDFWFROOLVLRQVZKHUHWKHYHKLFOHDIWHUWKHLQLWLDOEDUULHUFROOLVLRQVVPDVKHVLQWRRWKHUYHKLFOHV
EDUULHUVRURWKHUREVWDFOHV
x 5HGLUHFWLRQRIYHKLFOHVZKHUHWKHYHKLFOHKDVFURVVHGPRUHWKDQRQHODQHDIWHUWKHLQLWLDOEDUULHU
FROOLVLRQ
x 3RVWLPSDFWRYHUULGHVRUXQGHUULGHVZKHUHWKHYHKLFOHULGHVRYHURUXQGHUDEDUULHU
x 3RVWLPSDFWUROORYHUVZKHUHWKHYHKLFOHWXUQVRYHUDIWHUWKHLQLWLDOEDUULHUFROOLVLRQRUDIWHUDSRVW
LPSDFWFROOLVLRQ
7KHDERYHPHQWLRQHGSRVWLPSDFWHYHQWVDUHGLVFXVVHGPRUHLQGHWDLOVEHORZ
3RVWLPSDFWFROOLVLRQ
7KHUDWHVRIEDUULHUFROOLVLRQVUHVXOWLQJLQSRVWLPSDFWFROOLVLRQVZHUHWRVRPHH[WHQGKLJKHURQURDGV
HTXLSSHGZLWKFDEOHEDUULHUVDQGSLSHEDUULHUWKDQZLWKWKHRWKHUEDUULHUW\SHV7DEOH7KLVFRXOGEHD
SRVVLEOHH[SODQDWLRQIRUWKHGLIIHUHQFHVLQWKHLQMXU\UDWHVEHWZHHQWKHEDUULHUW\SHV$VPHQWLRQHGEHIRUH
SRVWLPSDFW FROOLVLRQV FDXVHPRUH VHYHUH LQMXULHV WKDQ WKH LQLWLDO LPSDFW ZLWK URDG EDUULHUV 5D\ HW DO
5D\HWDO,WLVDOVRNQRZQWKDWVHYHULW\LQFUHDVHVZLWKWKHQXPEHURIFROOLVLRQV0DNHWDO


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7DEOH3RVWLPSDFWHYHQWVRFFXUUHGLPPHGLDWHO\DIWHUWKHILUVWLPSDFW

%DUULHUFROOLVLRQV
UHVXOWLQJLQSRVW
LPSDFWFROOLVLRQV 
%DUULHUFROOLVLRQV
ZKHUHWKHUHGLUHFWHG
YHKLFOHFURVVHGPRUH
WKDQRQHODQH 
%DUULHUFROOLVLRQV
UHVXOWLQJLQSRVW
LPSDFWRYHUULGHV 
%DUULHUFROOLVLRQV
UHVXOWLQJLQSRVW
LPSDFWUROORYHU
%DUULHU
7\SH
1XPEHU
RI
FROOLVLRQV 5DWHD 
1XPEHU
RI
FROOLVLRQV 5DWH 
1XPEHU
RI
FROOLVLRQV 5DWH 
1XPEHU
RI
FROOLVLRQV 5DWH
:EHDP           
&DEOH           
&RQFUHWH           
3LSH E           
D&ROOLVLRQUDWHVDUHSUHVHQWHGLQQXPEHURIFROOLVLRQVSHUPLOOLRQYHKLFOHNLORPHWUH
E3LSHEDUULHUVGLGQRWH[LVWDVURDGPHGLDQEDUULHUVDORQJWKHVWXGLHGURDG
7KHKLJKUDWHRISRVWLPSDFWFROOLVLRQVDORQJURDGVHTXLSSHGZLWKFDEOHEDUULHUVFRXOGEHGXH WR WKH
IDFW WKDWPHGLDQ FDEOHEDUULHUV LQ6ZHGHQ DUHRIWHQSODFHG DW WKH FHQWUHRI WKH URDGPHGLDQ:LWK WKLV
SODFHPHQW EDUULHU FROOLVLRQV ZLOO RFFXU ZLWK ODUJH LPSDFW DQJOHV DQG FRQVHTXHQWO\ ODUJH H[LW DQJOHV
/DUJHH[LWDQJOHVQRUPDOO\ LQFUHDVH WKHULVNIRUSRVWLPSDFWFROOLVLRQV2Q WKHRWKHUKDQGZEHDPDQG
FRQFUHWHEDUULHUVDUHRIWHQLQVWDOOHGYHU\FORVHWRWKHHGJHOLQHRIWKHFDUULDJHZD\7KLVZD\RISODFHPHQW
FRQWULEXWHVWRVPDOO LPSDFWDQJOHVDQGFRQVHTXHQWO\VPDOOH[LWDQJOHV<GHQLXVFRQILUPHGWKDW
WKHSRVWLPSDFWH[LWDQJOHVLQFUHDVHGGUDVWLFDOO\IRUVHPLULJLGDQGIOH[LEOHEDUULHUVZKHQLPSDFWDQJOHV
LQFUHDVHGIURPWRZKLOHLWUHPDLQHGDOPRVWWKHVDPHIRUULJLGV\VWHPV
5HGLUHFWLRQRIYHKLFOHV
$IWHUDEDUULHUFROOLVLRQWKHYHKLFOHLQYROYHGLVDOPRVWDOZD\VUHGLUHFWHG+RZHYHUUHGLUHFWLRQRFFXUV
DWGLIIHUHQWDQJHOVDQGDORQJGLIIHUHQWODWHUDOGLVWDQFHV,Q WKLVVWXG\ WKHDQDO\VLVRIYHKLFOHUHGLUHFWLRQ
HYHQWV IRFXVHG RQ EDUULHU FROOLVLRQVZKHUH WKH YHKLFOH LQYROYHG FURVVHG RYHUPRUH WKDQ RQH ODQH DIWHU
EHLQJUHGLUHFWHGEDFN LQWR WUDIILF7KLV LVEHFDXVH WKH ORQJHU WKH ODWHUDOGLVWDQFH WKHKLJKHU WKHULVNIRU
RWKHUSRVWLPSDFWHYHQWV
7DEOHVKRZVWKDWWKHUDWHRIEDUULHUFROOLVLRQVZKHUHWKHYHKLFOHVDIWHULPSDFWFURVVHGPRUHWKDQRQH
ODQHZDVKLJKHVWRQURDGVZLWKFDEOHDQGSLSHEDUULHUV7KLV LQGLFDWHV WKDW WKHYHKLFOH WUDYHOOHGD ORQJ
ODWHUDO GLVWDQFH DIWHU LPSDFWZLWK FDEOH RU SLSH EDUULHUV7KLV FRQWULEXWHV WR DQ LQFUHDVHG ULVN IRU SRVW
LPSDFW FROOLVLRQV$ FRPELQDWLRQRI WKH FDEOHEDUULHU¶V IOH[LELOLW\ DQGPHFKDQLFDO SURSHUWLHV DVZHOO DV
GULYHUEHKDYLRUPLJKWEHDQH[SODQDWLRQIRUORQJODWHUDOWUDYHOGLVWDQFHV8QOLNHRWKHUEDUULHUW\SHVFDEOH
EDUULHUVJHQHUDOO\LPSRVHORZLPSDFWIRUFHVRQYHKLFOHVEHFDXVHWKHLPSDFWHQHUJ\LVGLVVLSDWHGE\EDUULHU
GHIOHFWLRQ $$6+72 ,W LV WKHUHIRUH SRVVLEOH WKDW WKH VWHHULQJ V\VWHPV RIWHQ UHPDLQ XQGDPDJHG
DIWHUDFDEOHEDUULHUFROOLVLRQ7KLVDOORZVWKHGULYHUWRLQVWLQFWLYHO\UHGLUHFWWKHYHKLFOHEDFNLQWRWUDIILF
DIWHUWKHLPSDFW&DEOHHODVWLFLW\FRXOGLPSRVHDQDGGLWLRQDOIRUFHSURSHOOLQJWKHYHKLFOHEDFNLQWRWUDIILF
&RQVHTXHQWO\ WKH ULVN RI SRVWLPSDFW FROOLVLRQV DQG SRVWLPSDFW UROORYHUV ZLOO LQFUHDVH ,Q FROOLVLRQV
ZLWK ULJLG RU VHPL ULJLG EDUULHUV GHIOHFWLRQ DQG HODVWLFLW\ LV OLPLWHG DQG YHKLFOH GDPDJH LV XVXDOO\ VR
H[WHQVLYHWKDWWKHGULYHUVFDQQRWVWHHUWKHYHKLFOHDIWHUWKHLPSDFWDQGWKHYHKLFOHZLOORQO\WUDYHODVKRUW
GLVWDQFH7KLVFRXOGH[SODLQWKHORZUDWHRISRVWLPSDFWHYHQWVFDXVHGE\FRQFUHWHDQGZEHDPEDUULHUV
7DEOH8QIRUWXQDWHO\QRVFLHQWLILFUHVHDUFKFRQILUPLQJWKLVKDVEHHQIRXQG
3RVWLPSDFWRYHUXQGHUULGHV
7KH FROOLVLRQ UDWH IRU YHKLFOHV HQGLQJ XS LQ WKHRSSRVLWH WUDIILF ODQHV GXH WRRYHUXQGHUULGHVZDV
KLJKHVW IRUFDEOHEDUULHUV 7DEOH7KLVKLJKUDWHRIRYHUXQGHUULGHVFRXOGEHDQH[SODQDWLRQIRU WKH
KLJKLQMXU\UDWHREVHUYHGRQURDGVHTXLSSHGZLWKFDEOHEDUULHUV2QHH[SODQDWLRQIRUWKHKLJKUDWHRIRYHU
XQGHUULGHVREVHUYHGRQURDGVHTXLSSHGZLWKFDEOHEDUULHUVFRXOGEHWKHSODFHPHQWRIFDEOHEDUULHUV$V
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PHQWLRQHGEHIRUHFDEOHEDUULHUVLQ6ZHGHQDUHSODFHGDWWKHFHQWUHRIWKHURDGPHGLDQZKLOHZEHDPDQG
FRQFUHWHEDUULHUVDUHSODFHGFORVH WR WKHHGJH OLQHRI WKHFDUULDJHZD\&RQVHTXHQWO\ WKH LPSDFWDQJOHV
ZLOO EH ODUJHU RQ URDGV HTXLSSHGZLWK FDEOHEDUULHU WKDQRQ URDGV HTXLSSHGZLWKZEHDPDQG FRQFUHWH
EDUULHUV$ FRPELQDWLRQ RI KLJK VSHHG DQG ODUJH LPSDFW DQJOHPLJKW LQFUHDVH WKH ULVN IRU RYHUXQGHU
ULGHV$FFRUGLQJWR0DU]RXJXLDQG0F*LQQLVSODFHPHQWRIEDUULHUVDWWKHURDGPHGLDQFHQWUHRU
FORVH WR LW LQFUHDVHV WKHULVNIRURYHUXQGHUULGHV$QRWKHUGLVDGYDQWDJHRI WKHSODFHPHQWRIEDUULHUVDW
WKH FHQWUH RI WKH URDGPHGLDQ LV WKDW WKH VQRZ KHDSV RQ WKH HGJHV LQFUHDVH WKH ULVN IRU RYHUULGHV E\
GHFUHDVLQJWKHUHTXLUHGKHLJKWRIPHGLDQEDUULHUV6HYHUDOLQFLGHQWVRIWKLVW\SHZHUHREVHUYHGLQ6ZHGHQ
GXULQJWKHODVW\HDUV,W LVDOVRZRUWKQRWLQJWKDWZEHDPEDUULHUVLQ6ZHGHQDUHRIWHQLQVWDOOHGRQERWK
VLGHVRIWKHURDGPHGLDQ7KLVGRXEOHLQVWDOODWLRQUHGXFHVWKHULVNRIWKHHUUDQWYHKLFOHFURVVLQJWKHURDG
PHGLDQ2YHUXQGHUULGHVGXHWRFROOLVLRQVZLWKFRQFUHWHEDUULHUVZHUHQRWIRXQGLQWKLVVWXG\,WLVZRUWK
QRWLQJWKDWKHDY\WUXFNVZHUHQRWLQYROYHGLQDQ\RIWKHRYHUULGHV
3RVWLPSDFWUROORYHUV
7KH KLJKHVW UDWH RI SRVWLPSDFW UROORYHUV RFFXUUHG LQ FROOLVLRQVZLWK FDEOH EDUULHUV 7DEOH  7KLV
KLJK UDWH RI UROORYHUV FRXOG SDUWO\ EH H[SODLQHG E\ WKH KLJK UDWH RI SRVWLPSDFW RYHUULGHV IRU FDEOH
EDUULHUV7KHLQVWLQFWLYHUHDFWLRQRIWKHGULYHUVWRUHGLUHFWWKHYHKLFOHDIWHUWKHLPSDFWPLJKWDOVRLQFUHDVH
WKHULVNIRUUROORYHUV
(IIHFWRISRVWHGVSHHG/LPLWV
7KHLQMXU\UDWHDVVRFLDWHGZLWKEDUULHUFROOLVLRQVZLWK,66tDQG,66tUHVSHFWLYHO\ZDVKLJKHURQ
URDGVZLWKVSHHGOLPLWVRIDQGNPKUWKDQURDGZLWKVSHHGOLPLWVRIDQGNPKU7KLVUHVXOW
LV LQ FRQWUDVW D VWXGLHV SUHVHQWHG E\ 6LQJHOWRQ HW DO  ZKLFK VKRZHG WKDW WKH LQMXU\ ULVN ZDV
SURSRUWLRQDO WR LPSDFW VSHHG 7R H[SODLQ WKLV GLYHUJHQFH LW LV ZRUWK QRWLQJ WKDW WKH URDGV ZLWK VSHHG
OLPLWV RI  DQG  NPKU LQYHVWLJDWHG LQ WKLV VWXG\ZHUHPDLQO\ UXUDO URDGV ZLWK KLJK JHRPHWULFDO
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LVVXH 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$FRPSDULVRQEHWZHHQ UHVXOWVRI WKHSUHVHQW VWXG\
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WKLVVWXG\DVLWZDVKDUGWRFRQFOXGHZKLFKEDUULHUW\SHFRQWULEXWHGWRWKHLQMXULHV
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